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Abstract
Objective: To examine whether the association between soft drinks consumption
and child behaviour problems differs by food security status and sleep patterns in
young children.
Design: Cross-sectional observational data from the Fragile Families and Child
Wellbeing Study (FFCWS), which collected information on food insecurity, soft
drinks consumption, sleep patterns and child behaviour problems. Bivariate and
multivariate ordinary least-squares regression analyses predicting child behaviour
problems and accounting for socio-economic factors and household character-
istics were performed.
Setting: Twenty urban cities in the USA with a population of 200 000 or more.
Subjects: Parental interviews of 2829 children who were about 5 years old.
Results: Soft drinks consumption was associated with aggressive behaviours,
withdrawn and attention problems for children aged 5 years. However, the
association differed by food security status. The association was mostly statistically
insignificant among food-secure children after accounting for socio-economic and
demographic characteristics. On the other hand, soft drinks consumption was
associated with behaviour problems for food-insecure children even after
accounting for these factors. However, after accounting for child sleep patterns,
the association between soft drinks consumption and child behaviour problems
became statistically insignificant for food-insecure children.
Conclusions: The negative association between soft drinks consumption and child
behaviour problems could be explained by sleep problems for food-insecure children.
Since about 21% of households with children are food insecure, targeted efforts to
reduce food insecurity would help improve dietary (reduce soft drinks consumption)
and health behaviours (improve sleep) and reduce child behaviour problems.
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Although the consumption of soft drinks in the USA has
been on a downward trend, Americans still consumed an
average of 157 litres (41·4 gallons) of soft drinks in 2014,
down from a high of ~200 litres (53 gallons) in 2000(1).
Between 1999 and 2004, 70% of children between 2 and
5 years of age consumed soft drinks on any given day and
about 11% of their total daily energy intake came from soft
drinks between 1999 and 2004(2). When considering
sugar-sweetened beverages as a whole, however, con-
sumption decreased slightly between 1999 and 2010(3).
Soft drinks provide little nutritional benefit and are
associated with health ailments(4–6). In addition, soft drinks
consumption has an association with higher aggressive
and emotional behaviour problems in children and
adolescents(7,8). A meta-analysis showed that studies with
stronger methods and design (such as longitudinal and
experimental) found larger negative impacts of soft drinks
consumption on nutrition and health(5). Children in low-
income households tend to consume a higher proportion
of energy from soft drinks compared with children in
higher-income households(9–12).
Food insecurity, which the US Department of Agri-
culture defines as the inability to access enough food for
an active, healthy life(13), has negative consequences on
children. The US Department of Agriculture has developed
and validated a questionnaire with eighteen items for
households with children to measure food insecurity(13).
The questionnaire attempts to capture both undernutrition
and malnutrition with questions such as whether ‘the
children ever skip a meal because there wasn’t enough
money for food’ or whether the parents ‘couldn’t feed our
children a balance meal, because we couldn’t afford that’.
Several studies have found an association between food
insecurity and behaviour problems in children such as
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externalizing behaviours, internalizing behaviours and
attention problems(14–17). Undernutrition and malnutrition
both contribute to more behaviour problems in children
through neurocognitive deficiencies resulting from the lack
of nutrients that are essential for child development(17,18).
Low-income households are at substantially higher risk of
experiencing food insecurity(19). Food-insecure households
have low nutrient intakes and nutrient inadequacies(20,21).
Children in low-income and food-insecure households
have lower consumption of vegetables and fruits(22) and
higher consumption of soft drinks(23,24). Low-income
households have lower access to supermarkets and are
left with convenience stores that provide mostly foods
of little nutritional value(25). Given that food insecurity
also contributes to child behaviour problems(14–17),
there may be a differential relationship between soft drinks
consumption and child behaviour problems by food
security status.
Two studies have found an association between
soft drinks consumption and behaviour problems in
children(7,8). The first one used a cross-sectional popula-
tion-based survey of adolescents in Norway and found
that soft drinks consumption is associated with mental
distress, hyperactivity and conduct problems(7). The
second one used data from the Fragile Families and Child
Wellbeing Study (FFCWS) and found that soft drinks
consumption increases aggressive behaviours, attention
problems and withdrawal behaviour(8). The present study
expands on the second study by examining food
insecurity as a potential omitted factor that could explain
this association.
Not only food insecurity may explain some of the
association between soft drinks consumption and child
behaviour problems; sleep could be another important
omitted variable that is related to both food insecurity and
child behaviour problems. Evidence from the literature
shows that a lack of sleep or poor sleeping pattern in
children is associated with behaviour problems(26–28). In
addition, several studies have established that sugar-
sweetened beverages increase sleep problems and sleep
disruptions(29–31), which is hypothesized to be due to
caffeine(32–34) and sugar(35). However, there is evidence
that food insecurity is associated with poor sleep
outcomes(36). As a result, the association between soft
drinks consumption and child behaviour problems could
be explained by food insecurity and sleep disruption.
The primary objective of the present study was to
determine whether the association between soft drinks
consumption and child behaviour problems differs by
food security status. In addition, the study tested whether
sleeping problems could explain some of the association.
The study sample is composed of fragile families living in
large urban cities to examine child behavioural problems.
In addition, the study accounts for potential confounding
factors (e.g. parenting, material hardship) that may affect
both soft drinks consumption and child well-being.
Methods
Study population
The FFCWS sampled 4898 children born between 1998
and 2000 in twenty large cities in the USA with a popu-
lation greater than 200 000. By design, three-quarters of
mothers in this sample at baseline were unmarried as
they are at higher risk of living in poverty and being
separated from the father. When weighted, the sample is
representative of non-marital births in cities of 200 000 or
greater population(37). All families provided informed
consent before participating in the study. Because the
Fragile Families data set is publicly available, institutional
review board approval was not needed.
The present study focuses on data collected at the 5th
year when children were about 5 years old. There were
4055 mothers (85%) who completed the core survey at
the 5th year. Mothers who agreed to be interviewed
at home completed a primary caregiver survey and
in-home assessments. The analytical sample for the
current study includes 2829 mothers (70%) who com-
pleted the in-home survey at year 5, which includes
complete information on soft drinks consumption, food
security status and child behaviour problems. The
analytical sample represents over half (58%) of the
original sample. Comparing the sample before and after
attrition (not shown), mothers who dropped out of the
sample were less likely to have completed high school,
more likely to be Hispanic, have slightly lower household
income, less likely to be married and substantially more
likely to be separated from the father. Previous studies
have examined attrition in this data set and found that the
families lost to attrition are at greater disadvantage. As
a result, the estimates using the Fragile Families data are
either unaffected by attrition or tend to be conservative
and would be larger if these families would have remained
in the sample(38–40).
Child behaviour problems
Child behaviours at year 5 were assessed using the
Child Behavior Checklist for ages 1½–5, a widely used
instrument to measure different aspects of behaviour
problems(41,42). Child behaviour problems were con-
structed using the following measures: aggressive
behaviours, withdrawn behaviours and attention
problems. The survey is usually completed by the care-
giver and asks whether s/he thinks that each statement
relating to the behaviour of the child is not true (= 0),
somewhat or sometimes true (= 1), or very true or often
true (= 2). The child aggressive behaviours measure is
constructed from twenty-five questions. The withdrawn
subscale is constructed from eight questions, and the
attention problems subscale is constructed using nine
questions. These measures were standardized according
to the age of the children.
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Soft drinks consumption
Mothers were asked at year 5 how many servings of soft
drinks the child has on a typical day, with responses
ranging from 0 to 5 or more. Due to the lower number of
children having 4 or 5 servings daily, they were grouped
into the same category (n 105). The daily soft drinks
consumption measure is a continuous variable from 0 to 4.
Food insecurity
Food insecurity was measured using the Food Security
Module developed and validated by the US Department of
Agriculture, which asked eighteen questions relating to
food security during the 5th year of the study. The ques-
tions are ranked in order of severity; if respondents answer
negatively to the first few questions, they are likely to be
screened out of the questionnaire. The first question asks
whether the household head worried whether s/he would
run out of food in the last month. The US Department of
Agriculture distinguishes between low food security and
very low food security. Because few children experienced
very low food security in this sample a binary measure of
food insecurity was used, which has been similarly done
in the literature(43–47). Households with children that
answered affirmatively to at least three of these questions
were considered food insecure.
Child sleep patterns
The caregiver answered a few questions related to the
sleep patterns of the child; for example, the caregiver
reported whether the child has trouble sleeping at night
and the number of hours the child sleeps at night. A binary
variable indicates whether the child has trouble sleeping
at night. As a sensitivity check, the number of hours of
sleep the child gets was used instead and the findings
were similar.
Other control variables
Socio-economic and demographic control variables
included child’s gender, maternal educational attainment
(high-school dropout, high-school graduate, some college,
or college graduate and beyond), maternal race/ethnicity
(white, black, Hispanic or other), income to poverty ratio
(continuous variable), number of children and relationship
status of parents (married, cohabitating, non-resident
or separated). Because parenting characteristics are
correlated with food insecurity and child behaviour
problems(14), the study controlled for parenting stress and
maternal depression. Parenting stress was measured using
an average of responses to four questions such as ‘Being
a parent is harder than I thought it would be’. Responses
ranged from strongly disagree (= 1) to strongly agree
(= 4). Maternal depression was constructed using the
Composite International Diagnostic Interview Short
Form (CIDI-SF)(48). Mothers were asked whether they felt
depressed for two weeks during the past year or whether
they lost interest in pleasurable activities. If they respon-
ded affirmatively to at least one of these two questions,
they are asked seven more questions such as whether they
had trouble sleeping or felt worthless. Mothers who
answered affirmatively to three or more were considered
at risk of a major depressive episode. Antecedent factors
such as whether the mother smoked during pregnancy
and low birth weight of the child were included.
Other measures of instrumental support included material
hardship and the level of social support available to
mothers. Material hardship was constructed using
responses to five questions such as whether they missed
a rent or mortgage payment or whether they missed
payment on utilities. Social support was constructed using
responses to four questions such as whether mothers
could count on someone to lend them money or to
provide them with emergency child care. Controls for
history of domestic violence and whether one parent had
drug or alcohol problems in the past were included. Lastly,
the study controlled for maternal and paternal self-control,
which can affect child behaviours. These measures were
created using four questions such as ‘I often say and do
things without considering the consequences’.
Statistical analysis
Several variables in this data set had missing values.
Because imputing missing values on the dependent
variables is not recommended, these observations were
dropped(49). The observations with missing values on the
independent variables were imputed using multiple
imputed chained equations(50,51). The estimates with and
without the missing data provided similar results, so only
the imputed ones are presented herein. Bivariate and
multivariate ordinary least-squares regression models
were used to examine the association between soft drinks
consumption and child well-being by food security status.
The reported P values are two-sided and statistical
significance was taken as P< 0·05. The analyses were
conducted using the statistical software package Stata/MP
version 13.1. Weighted and unweighted estimates
provided similar results, so only the unweighted estimates
are presented.
Results
Sample characteristics
About 43% of children in this sample had at least one
serving of soft drinks on a given day. Summary statistics,
including socio-economic and demographic character-
istics, are presented in Table 1 by food security status.
A higher proportion of food-insecure children (51·4 v.
41·2%) consumed soft drinks and had trouble sleeping
at night (30·1 v. 25·0%). In addition, the SD of the mean
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sleep time was greater for food-insecure children than for
food-secure children (1·41 v. 1·24 h). Food-insecure chil-
dren had mothers who were more likely to be black (56·6
v. 50·2%) or Hispanic (26·0 v. 24·2%), have a high school
degree or less (74·4 v. 61·8%), experience greater material
hardship (1·9 v. 0·9), have lower social support (2·4 v. 3·2)
and more likely to participate in the Supplemental Nutri-
tion Assistance Program (64·1 v. 39·8%). Two-sample
t tests showed that most of the differences between the
two groups were statistically significant.
Association between soft drinks consumption and
child behaviour problems
Table 2 presents estimates from ordinary least-squares
regression analyses. Regression models with soft drinks
consumption as a continuous variable (not shown) were
statistically significant. As a result, Table 2 presents esti-
mates investigating potential dose–response relationships.
Table 1 Descriptive statistics of children in the sample by food
security status, Fragile Families and Child Wellbeing Study
(n 2829)
Variable
Food
secure
Food
insecure
Significantly
different
Daily soft drinks consumption (%)
0 58·8 48·6 **
1 24·7 26·4 **
2 9·4 12·9 **
3 4·0 6·5 **
4 or more 3·2 5·6 **
Child has trouble sleeping (%) 25·0 30·1 **
Child is a girl (%) 48·9 44·6 **
Mother’s race (%)
White 22·8 14·7 **
Black 50·2 56·6 **
Hispanic 24·2 26·0 **
Other 2·8 2·7
Mother’s education at baseline (%)
High-school dropout 31·3 40·4 **
High-school graduate 30·5 34·0 **
Some college 26·2 21·8 **
College graduate and beyond 12·0 3·8 **
Mother employed (%) 61·2 53·5 **
Income to poverty ratio 2·0 1·0 **
Mother’s relationship with father (%)
Married 32·6 17·4 **
Cohabitating 13·1 12·5
Non resident 18·0 23·7 **
Separated 36·3 46·5 **
Mother’s social support (0–4) 3·2 2·4 **
Material hardship (0–5) 0·9 1·9 **
Receives food stamps (%) 39·8 64·1 **
Parenting characteristics
Parenting stress (1–4) 2·1 2·4 **
Maternal depression (%) 14·0 29·7 **
Domestic violence (%) 0·6 1·3 **
Past drug or alcohol problems (%) 12·2 24·8 **
Low birth weight (%) 9·8 11·8 **
Mother smoked during pregnancy (%) 0·3 0·5 **
Maternal self-control (1–4) 1·5 1·7 **
Paternal self-control (1–4) 1·7 1·8 **
Number of observations 2280 549
Significance levels: *P< 0·05, **P< 0·01.
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In each model, the estimates are presented for food-secure
children and food-insecure children. In unadjusted
models (Model 1, Table 2), soft drinks consumption was
associated with child behaviour problems in all the
measures (P< 0·05). For example, two servings of soft
drinks daily increased aggressive behaviours by about
0·54 SD (P< 0·05), increased withdrawn behaviours by
about 0·23 SD (P< 0·01) and increased attention problems
by about 0·13 SD (P< 0·05) in food-secure children.
In adjusted models that included all control variables
(Model 2, Table 2), adjusting for the covariates reduced
the size of the coefficient of soft drinks consumption for
all of the measures.
A test of interaction term between food insecurity and
soft drinks consumption was statistically significant,
showing that the association between soft drinks con-
sumption and child behaviour problems differs by food
security status. In other words, the negative impact of
soft drinks consumption was greater for food-insecure
children. The association of soft drinks and child
behaviour problems was no longer statistically significant
for food-secure children except for aggressive behaviours.
This means that the association between soft drinks and
child behaviour problems can be explained by all of
the control variables (e.g. socio-economic status, demo-
graphic factors, parenting, etc.). Only children who
consumed four or more soft drinks daily had a statistically
significant higher risk of aggressive behaviours (0·77 SD,
P< 0·01).
Among food-insecure children, the risk of aggressive
behaviours was statistically significant for children
who consumed two (0·91 SD, P< 0·05) and four or more
(0·87 SD, P< 0·01) soft drinks daily. Only children who
consumed four or more soft drinks daily had a higher
score on the withdrawn subscale (0·44 SD, P< 0·01). Also,
children who consumed one (0·48 SD, P< 0·05) and four
or more (0·49 SD, P< 0·01) soft drinks daily had higher
attention problems.
Model 3 in Table 2 estimates the same model as Model 2
and includes child sleep problems. For food-secure
children, the association between soft drinks and child
aggressive behaviours remained statistically significant for
those who consumed four or more soft drinks daily. On
the other hand, the association between soft drinks and
child behaviour problems was no longer statistically sig-
nificant for all of the other outcomes. This implies that
sleep problems could be an important omitted factor and
that soft drinks affect child behaviour problems through
sleep disruption for food-insecure children.
Discussion
The negative consequences of soft drinks consumption go
beyond physical health outcomes and can also affect the
behaviour of children. In this sample of children in
disadvantaged families, about 43% consumed one or more
serving of soft drinks daily. Previous studies have found an
association between soft drinks consumption and several
measures of child well-being(6–8). The current study shows
that food insecurity and sleep disruption could help
explain this association. Multivariate ordinary least-squares
regression models showed an association between soft
drinks and child behaviour problems. However, examin-
ing the association by food security status, the association
between soft drinks consumption and child behaviour
problems was no longer statistically significant for food-
secure children. This means that the negative association
between soft drinks and child behaviour problems for
food-secure children can be explained by the other
control variables included in the study. On the other hand,
soft drinks consumption was associated with greater child
behaviour problems for food-insecure children, which
may indicate that food insecurity could exacerbate child
behaviour problems for those who consume soft drinks. In
addition, children who consumed four or more soft drinks
per day had more aggressive behaviours (0·87 SD,
P< 0·01), scored higher on the withdrawn subscale
(0·44 SD, P< 0·01) and had greater attention problems
(0·49 SD, P<0·01). These associations were no longer
statistically significant after accounting for sleep disrup-
tions, indicating that the negative impacts of soft drinks
consumption on child behaviour problems may be
through sleep problems for food-insecure children.
One explanation for these findings could be that food-
insecure children are in poorer health and have higher
risk of behaviour problems to begin with(14–16). Given
that food-insecure children have multiple nutrient
deficiencies(20,52), soft drinks consumption could amplify
the risk of behaviour problems for these children.
Healthier foods tend to be cost-prohibitive and
thus inaccessible for low-income and food-insecure
households(53). There is a growing disparity in the price
of nutrient-dense and lower-energy-density (unhealthy)
foods(54,55). As a result, these households are left with
only energy-dense foods such as sugars, refined grains
and fats that have little nutritional value(56). These
unhealthy diets may have long-term consequences as
food-insecure adults are more likely to have poorer health,
depression, and higher rates of diabetes and chronic
diseases(57–60).
Another explanation could be related to the composi-
tion of soft drinks, which have large amounts of sugar
and caffeine. Given that the association was no longer
statistically significant after accounting for sleep problems,
it is possible that the consumption of soft drinks in
children could disrupt their sleep patterns, leading to
behaviour problems. These findings are consistent with
studies showing an association between soft drinks
consumption and sleep disruptions(29–21) and with those
that find an association between sleep disruptions and
child behaviour problems(26–28). However, these findings
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should be interpreted cautiously given the imprecision
of the soft drinks measure (size, frequency and type).
Special attention should be given to the fact that
controlling for sleep made the associations statistically
insignificant for food-insecure children. These children
not only consume soft drinks more often, but are also
at greater disadvantage than food-secure children.
The present study has several limitations. First, the soft
drinks consumption measure asks the parent about the
number of servings, the size of which is not defined.
Therefore it is unclear whether the parent is reporting the
consumption of a can or something else. However, these
measurement errors would likely only increase the SE as
there is no reason to think that they may be correlated
with behaviour problems. In addition, the measure does
not distinguish between children who do not consume
any soft drinks and those who consume only a few
servings per week, hence less than one per day. Second,
the type of soft drinks consumed is not specified. For
example, regular and diet soft drinks are distinct and may
have different impacts. It is then not possible to determine
whether the results could be attributed to sugar, caffeine,
or both. Lastly, the sample is representative of non-marital
births in large cities only, which reduces the general-
izability of the results.
Conclusions
In the current study of children in fragile families, soft
drinks consumption was associated with greater child
behaviour problems. However, when examining by
food security status, the association remained statistically
significant only for food-insecure children. This associa-
tion became statistically insignificant for food-insecure
children after accounting for sleep patterns.
The study findings indicate that food insecurity may
be linked to unhealthy behaviours such as soft drinks
consumption and sleep deprivation, which are risk factors
for behaviour problems in children. These risk factors
disproportionally affect low-income households who are
more likely to be food insecure and consume more soft
drinks than higher-income households(61).
One important finding of the study points to sleep
disruption being a potentially important factor that
explains the association between soft drinks consumption
and behaviour problems for food-insecure children. It may
be that soft drinks consumption is a secondary issue while
poor and insufficient sleep may be the main issue at play.
Insufficient sleep among children seems to be an impor-
tant problem worldwide as children’s sleep duration has
declined steadily over time(62). In addition, given that
the association between soft drinks consumption and child
behaviour problems was entirely mediated by sleep
disruption for food-insecure children only in our cross-
sectional analysis, additional research (especially
longitudinal) is needed to provide further insight into this
relationship. For example, do these negative associations
persist or can they be reversed?
Additional research is also needed with more precise
measures of soft drinks consumption (in terms of size of
drink, frequency of consumption and type of drink) to
determine whether the risk of behaviour problems in
children is similar or different between those who do not
consume soft drinks at all and those who consume fewer
than one serving daily. Also, future research should
determine whether these findings are generalizable to
all young children.
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